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VXUIDFHURXJKQHVV5D7D\ORU+REVRQURXJKQHVVWHVWHUGHYHORSHGE\7LPH*URXS,QFHTXLSSHGZLWKDFOHDUGLVSOD\RIDOO
PHDVXUHPHQWSDUDPHWHUVDQGSURILOHJUDSKVRQ/&'PRQLWRUDQG6W\OXV7LS5DGLXVRIȝPZDVXVHGIRUWKLVVWXG\7KH
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PDWHULDO,WXVHVRUWKRJRQDODUUD\WRSODQWKHH[SHULPHQWZLWKDORZHVWQXPEHURIH[SHULPHQWVWREHFDUULHGRXW>@7KLV
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RUWKRJRQDO DUUD\ XVHG E\ 7DJXFKL >@ ZDV XVHG WR FRQGXFW WKH H[SHULPHQWDO KDYH EHHQ JLYHQ 6WDWLVWLFDO GHVLJQ RI
H[SHULPHQWDWLRQ WHFKQLTXH DV ZHOO DV OHDVW VTXDUH ILWWLQJ PHWKRG IRU PRGHO JHQHUDWLRQ KDV EHHQ PDGH XVH LQ UHVSRQVH
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
%XWWKHIXQFWLRQDOUHODWLRQVKLSEHWZHHQWKHVXUIDFHURXJKQHVVDQGLQGHSHQGHQWYDULDEOHVFXWWLQJVSHHGIHHGDQGGHSWKRI
FXWPD\EHGHVFULEHGLQDIROORZLQJZD\
5D &)S'T9U7V          
ZKHUH5DWKHVXUIDFHURXJKQHVVLQP&WKHFRQVWDQW)WKHIHHGLQPPUHY'WKHGHSWKRIFXW9WKHFXWWLQJVSHHG7
WKHWRROQRVHUDGLXVDQGSTUVDUHFRQVWDQWVZKLFKDUHWREHGHULYHG

6XUIDFHURXJKQHVVUHODWLRQVKLSPD\EHZULWWHQLQWKHOLQHDUIRUPDVIROORZV
Ș ȕȕ[ȕ[ȕ[          

%XWLQVLPSOHWHUPVWKHDERYHHTXDWLRQFDQDOVREHZULWWHQLQWKHIROORZLQJPDQQHU
ǔ EE[E[E[          
ZKHUH ǔ LV WKH YDOXH RI VXUIDFH URXJKQHVV E\ SUHGLFWLRQZLWK WKH WUDQVIRUPDWLRQ LQ ORJDULWKPLF IRUP EEE DQG EDUH
FRHIILFLHQWVRISDUDPHWHUVȕȕȕȕUHVSHFWLYHO\


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8VLQJ WKLV ILUVWRUGHUPRGHO WKH WKUHHSDUDPHWHUVDUHHVWLPDWHG ,Q WKHFDVHRIDQ\VWDWLVWLFDOGHILFLHQF\ZLWK WKH
ILUVWRUGHUPRGHOWKHQWKHVHFRQGRUGHUPRGHOPD\EHGHYHORSHGDVJLYHQEHORZ
Ǔ EE[E[E[E[[E[[E[[E[E[E[      

,IWKHWUXHUHVSRQVHLVQRQOLQHDUDQGXQNQRZQWKHQWKHQHHGRIVHFRQGRUGHUUHJUHVVLRQPRGHODULVHV

5HVXOWVDQG'LVFXVVLRQ
7KHHPSLULFDOHTXDWLRQIRUVXUIDFHURXJKQHVVPD\EHZULWWHQDVIROORZV
6XUIDFHURXJKQHVV ;&XWWLQJVSHHG;)HHG;'HSWKRIFXW;)HHG;
)HHG;'HSWKRIFXW;'HSWKRIFXW;&XWWLQJVSHHG;)HHG;&XWWLQJVSHHG;'HSWKRI
FXW;)HHG;'HSWK          
$IWHU FRPSOHWLQJ WKH PDFKLQLQJ RSHUDWLRQ WKH UHVSRQVH SDUDPHWHU WKDW LV VXUIDFH URXJKQHVV ZDV PHDVXUHG
6WDWLVWLFDO DQDO\VLVZDVSHUIRUPHGRQ WKH UHVXOWVREWDLQHG IRUDWWDLQLQJPDLQHIIHFWV 7KHPDLQHIIHFWRID IDFWRUPD\EH
GHVFULEHGDVWKHDYHUDJHFKDQJHLQWKHUHVSRQVHJHQHUDWHGE\DFKDQJHLQWKHOHYHORIDIDFWRUVWXGLHG7KHUHVSRQVHYDOXHV
UHVXOWLQJ IURP WKH H[SHULPHQWDOZRUN FDUULHG RXW E\ RUWKRJRQDO DUUD\ DUH DQDO\]HG XVLQJ7DJXFKL¶V WHFKQLTXH7KLV VWHS
GHWHUPLQHVWKHHIIHFWRIYDULRXVSURFHVVSDUDPHWHUVWRDFKLHYHGHVLUHGVXUIDFHURXJKQHVV7DJXFKL¶VWHFKQLTXHRIIHUVWKUHH
FDWHJRU\ RI VLJQDO WR QRLVH UDWLR 7KH\ DUH ODUJHUWKHEHWWHU PHGLXPWKHEHWWHU VPDOOWKHEHWWHU /DUJHU LV VXLWDEOH IRU
GHWHUPLQLQJWKHSURILWSURGXFWLRQUDWHHWFPHGLXPWKHEHWWHULVDSSOLFDEOHWRFXUUHQW6PDOOHUWKHEHWWHULVDSSURSULDWHIRU
WRRO ZHDU VXUIDFH URXJKQHVV WLUH ZHDU XQLW FRVW HWF 7KLV H[SHULPHQWDO VWXG\ XVHV VPDOOHUWKHEHWWHU EHFDXVH VXUIDFH
URXJKQHVVLVWKHRQHWREHPLQLPL]HG

5HVXOWV REWDLQHG IURP WKH DQDO\VLV RI 7DJXFKL KDYH EHHQ SURYLGHG KHUH )LJXUH  VKRZV WKH VXUIDFH URXJKQHVV
SURILOHREWDLQHGGXULQJPHDVXUHPHQWRIVXUIDFHURXJKQHVVXVLQJ7D\ORU+REVRQVXUIDFHURXJKQHVVPHDVXUHPHQWLQVWUXPHQW

,W VKRZV WKH JHQHUDO WUHQG RI YDULRXV SURFHVV SDUDPHWHUV FXWWLQJ VSHHG IHHG DQG GHSWK RI FXW RQ WKH UHVSRQVH
YDULDEOHVXUIDFHURXJKQHVV,WLVREVHUYHGWKDWWKHRUGHURISURFHVVSDUDPHWHUVWKDWLQIOXHQFHVWKHVXUIDFHURXJKQHVVLVIHHG
IROORZHGE\FXWWLQJVSHHGDQGGHSWKRIFXW



)LJXUH6XUIDFHURXJKQHVVSURILOHREWDLQHGGXULQJPHDVXUHPHQW

7KLV REVHUYDWLRQ LV VXSSRUWHGE\ WKH UHVSRQVH WDEOHREWDLQHG IURP WKH DQDO\VLVZKLFK LV VKRZQ LQ7DEOH7KH
FRUUHODWLRQ FRHIILFLHQW 5VTXDUH IRU WKH H[SHULPHQWDO UHVXOW REWDLQHG ZDV  ZKLFK VKRZV D JRRG FRUUHODWLRQ WKH
H[SHULPHQWDO YDOXHV SRVVHVV 0DLQ HIIHFWV SORW REWDLQHG IURP WKH DQDO\VLV IRU LQGLYLGXDO PDFKLQLQJ SDUDPHWHUV RQ WKH
UHVSRQVHVXUIDFHURXJKQHVVLVVKRZQLQ)LJXUH)LJXUHLVWKHLQWHUDFWLRQSORWZKLFKVKRZVWKHHIIHFWRIWKHIDFWRUIHHG
IRUGLIIHUHQWYDOXHVRIGHSWKRIFXWPPPPDQGPPRQVXUIDFHURXJKQHVV

*HQHUDOREVHUYDWLRQIURPWKHSORW LVVXUIDFHURXJKQHVVLQFUHDVHVZKHQWKHIHHGLV LQFUHDVHG7KLVZDVZLWQHVVHG
LUUHVSHFWLYHRI WKHYDOXHRIGHSWKRIFXW$Q LQWHUDFWLRQZDVIRXQGRXWEHWZHHQ WZRH[WUHPHYDOXHVRIGHSWKRIFXW7KLV
REVHUYDWLRQ FRLQFLGHV ZLWK WKH ILQGLQJV RI 3DXOR 'DYLP >@ ZKHQ KH FRQGXFWHG H[SHULPHQWV WR GHWHUPLQH WKH
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PDFKLQDELOLW\VWXG\RI3((.FRPSRVLWHV)URPWKLVDQDO\VLVLWFRXOGEHVXJJHVWHGWKDWIRUDEHWWHUVXUIDFHURXJKQHVVWKH
FRPELQDWLRQRIPDFKLQLQJSDUDPHWHUVZRXOGEHORZYDOXHRIIHHGDQGKLJKYDOXHRIGHSWKRIFXW
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PP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)LJXUH,QWHUDFWLRQSORWRIFXWWLQJVSHHGDQGGHSWKRIFXWRQVXUIDFHURXJKQHVV
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
,QWHUDFWLRQSORWIRUWKHHIIHFWRISURFHVVSDUDPHWHUVFXWWLQJVSHHGDQGYDULRXVYDOXHVRIGHSWKRIFXWPP
PPDQGPPRQ VXUIDFH URXJKQHVV LV VKRZQ LQ)LJXUH ,W LV LQWHUSUHWHG IURP WKHSORWV WKDW LQFUHDVH LQ FXWWLQJ VSHHG
UHVXOWVLQGHFUHDVHRIVXUIDFHURXJKQHVVOLQHDUO\IRUORZHUUDQJHRIFXWWLQJVSHHGDQGVOLJKWO\QRQOLQHDUIRUWKHKLJKHUUDQJH
RIFXWWLQJVSHHGZLWKUHVSHFW WRDOOYDOXHVRIGHSWKRIFXW)XUWKHUDQ LQWHUDFWLRQHIIHFWZDVIRXQGRXWEHWZHHQ WKH ORZHU
YDOXH DVZHOO DV KLJKHU YDOXHRI VXUIDFH URXJKQHVV ,W LV VXJJHVWHG WR FKRRVH WKH FRPELQDWLRQRI SDUDPHWHUVZLWK KLJKHU
FXWWLQJVSHHGDQGKLJKHUYDOXHRIGHSWKRIFXW7KRXJKWKHSDUDPHWHUGHSWKRIFXWGRHVQRWKDYHDQ\VLJQLILFDQWUROHRQWKH
SDUWRI WKHVXUIDFHURXJKQHVV >@ LWV WUHQGZDVREVHUYHG WKDW WKH VXUIDFHURXJKQHVVZDV LQFUHDVLQJRQ WKH LQFUHDVLQJ
YDOXHRIGHSWKRIFXW

)LJXUHSUHVHQWVWKHGDWDIRUWKHLQWHUDFWLRQHIIHFWRISURFHVVSDUDPHWHUFXWWLQJVSHHGIRUYDULRXVYDOXHVRIIHHGRQ
VXUIDFHURXJKQHVV7KHUHLVLQWHUDFWLRQHIIHFWRQWKHVHYDOXHVRISDUDPHWHUVIRUWKLVFDVH5HIHUULQJWRWKHLQWHUDFWLRQSORWLW
ZDVQRWLFHGWKDWVXUIDFHURXJKQHVVEHFRPHVKLJKZLWKWKHORZHUYDOXHRIFXWWLQJVSHHGSDUWLFXODUO\ZLWKWKHKLJKHUGHSWKRI
FXW7KLVLVGXHWRWKHKLJKSUHVVXUHH[HUWHGE\WKHFXWWLQJWRROWRGHIRUPWKHFRPSRVLWHPDWHULDOLQVKHDUPRGHDORQJZLWK
WKHSURWUXVLRQRIILEHUVRQWKHPDFKLQHGVXUIDFHRI&)53FRPSRVLWHPDWHULDO

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
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
)LJXUH,QWHUDFWLRQSORWPDWUL[IRUYDULRXVSURFHVVSDUDPHWHUVRQVXUIDFHURXJKQHVV

)LJVDQGVKRZWKH6(0SLFWXUHVRIPDFKLQHG&)53FRPSRVLWHPDWHULDODWGLIIHUHQWPDFKLQLQJFRQGLWLRQV
)LJLVWKH6(0SLFWXUHRIFRPSRVLWHPDWHULDODWKLJKHUIHHGRIPPUHYLQFRPELQDWLRQZLWKFRQVWDQWFXWWLQJVSHHG
DQGGHSWKRIFXWRIPPLQDQGPPUHVSHFWLYHO\ ,W LVREVHUYHGIURPWKH ILJXUH WKDW WKH ILEHUVDUHFXW LQDKXJH
DPRXQWDQGSURWUXGHGRQWKHVXUIDFHRIWKHPDFKLQHGPDWHULDOOHDGLQJWRWKHKLJKHUVXUIDFHURXJKQHVV%XW)LJVKRZV
WKH6(0SLFWXUHRIFRPSRVLWHPDWHULDODWD ORZHUIHHGYDOXHRIPPUHYDQG LOOXVWUDWHVRQO\D IHZILEHUVDUHEURNHQ
DWWULEXWLQJDEHWWHUVXUIDFHURXJKQHVVZKHQFRPSDUHGWRWKHIRUPHUFRQGLWLRQ

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
)LJXUH6(0LPDJHRI&)53PDWHULDODWIHHG PPUHY



)LJXUH6(0LPDJHRI&)53PDWHULDODWIHHG PPUHY


)XUWKHUWKHFRPSDULVRQRIVXUIDFHURXJKQHVVEHWZHHQWKHH[SHULPHQWDOYDOXHDVZHOODV560YDOXHLVVKRZQLQ)LJ
7KHFRUUHODWLRQFRHIILFLHQW5VTXDUHLVXVHGWRMXVWLI\WKHSUHGLFWHGUHVSRQVH7KHYDOXHRI5VTXDUHIRUWKHSUHGLFWHG
UHVXOWREWDLQHGZDVZKLFKVKRZDJRRGFRUUHODWLRQWKHH[SHULPHQWDOYDOXHVSRVVHVV













)LJXUH&RPSDULVRQRIVXUIDFHURXJKQHVVEHWZHHQH[SHULPHQWDQG560

&RQFOXVLRQ
&DUERQILEHUUHLQIRUFHGSRO\HVWHUPDWHULDOZDVXVHGIRUFDUU\RXWH[SHULPHQWDWLRQIRUGHWHUPLQLQJWKHFRPELQDWLRQ
RISURFHVVSDUDPHWHUVWKDWKHOSVWRDFKLHYHDEHWWHUVXUIDFHURXJKQHVV%DVHGRQWKHH[SHULPHQWDWLRQDQGDQDO\VLVFDUULHG
RXWWKHIROORZLQJFRQFOXGLQJREVHUYDWLRQLVUHFRUGHG7KHSUHGLFWHGVXUIDFHURXJKQHVVIURPUHVSRQVHVXUIDFHPHWKRGRORJ\
ZDVFRPSDUHGZLWK WKHRQHREWDLQHGIURPH[SHULPHQWDWLRQ7KHUH IRXQGDJRRGFRUUHODWLRQEHWZHHQ WKHPLQ WHUPVRI5
VTXDUHYDOXHZKLFK LV %DVHGRQ WKH FRUUHODWLRQ IRXQGRXW IURP WKH DERYH DQDO\VLV LW LV VXJJHVWHG WKDW UHVSRQVH
789 T. Rajasekaran et. al /  Procedia Engineering  51 ( 2013 )  781 – 790 

VXUIDFH PHWKRGRORJ\ FDQ ZHOO EH XWLOL]HG IRU SUHGLFWLQJ WKH VXUIDFH URXJKQHVV RI FDUERQ ILEHU UHLQIRUFHG SRO\PHU
FRPSRVLWHV

'XULQJPDFKLQLQJWKHFKLSSURGXFHGZDVSRZGHU\LQ IRUPGXHWRWKHEULWWOHQHVVRIPDWHULDO$PRQJWKHYDULRXV
SDUDPHWHUVIHHGLVWKHIDFWRUSOD\DSULPDU\UROHLQGHFLGLQJWKHVXUIDFHURXJKQHVVIROORZHGE\FXWWLQJVSHHG%XWGHSWKRI
FXW GRHV QRWPDNH DQ\ VLJQLILFDQFH IRU WKLV SDUWLFXODU FDVH 6XUIDFH URXJKQHVVZDV IRXQG WR EH LQFUHDVLQJZKHQ IHHG LV
LQFUHDVHG )XUWKHU RQ WKH RWKHU KDQG LW ZDV IRXQG WKDW WKH VXUIDFH URXJKQHVV ZDV GHFUHDVLQJ ZKHQ FXWWLQJ VSHHG ZDV
LQFUHDVHG7KLVWUHQGZDVLGHQWLILHGHYLGHQWO\IURP6(0SLFWXUHVWKDWZHUHDFTXLUHGIURPWKHPDFKLQHG&)53FRPSRVLWH
PDWHULDODWGLIIHUHQWIHHGFRQGLWLRQVNHHSLQJFXWWLQJVSHHGDQGGHSWKRIFXWFRQVWDQW

7KHFRPELQDWLRQRISURFHVVSDUDPHWHUV WKDWRIIHUEHWWHU UHVXOW LV ORZHUYDOXHRI IHHGDFFRPSDQLHGE\ WKHKLJKHU
YDOXHRIFXWWLQJVSHHG

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